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1RPHQFODWXUH
Latin letters      Greek letters 
A $UHD>P@     Ȝ 7KHUPDOFRQGXFWLYLW\>:P.@ 
cp 6SHFLILFKHDWFRHIILFLHQW>-NJ.@   ȡ 'HQVLW\>NJP@ 
D 'LDPHWHU>P@     Ș (IILFLHQF\ 
f )ULFWLRQIDFWRU  
g *UDYLWDWLRQDOFRQVWDQW>PV@   Subscripts 
h (QWKDOS\>N-NJ@     a )OXLGLQXSZDUGGLUHFWLRQ 
HTC &RQYHFWLYHKHDWWUDQVIHUFRHIILFLHQW>:P.@ c &HPHQW 
k &RQVWDQW     d )OXLGLQGRZQZDUGGLUHFWLRQ 
Ly CRQWUROYROXPHOHQJWK>P@   des 'HVLJQFRQGLWLRQ 
m 0DVVIORZUDWH>NJV@    f )OXLG   
Nu 1XVVHOWQXPEHU     h +\GUDXOLF 
Pr 3UDQGWOQXPEHU     i ,QVXODWLRQ 
p 3UHVVXUH>3D@     ,1 ,QQHUSLSH
Q +HDWIORZ>:@     in ,QOHW 
R 7KHUPDOUHVLVWDQFH>.:@    off 2IIGHVLJQFRQGLWLRQ 
Re 5H\QROGVQXPEHU    287 2XWHUSLSH 
T 7HPSHUDWXUH>.@     out 2XWOHW 
t 7LPH>V@     p 3LSH 




K\GURWKHUPDO V\VWHPV7KH\DUH WUDGLWLRQDOO\FODVVLILHGDVZDWHURUYDSRUGRPLQDWHGGHSHQGLQJRQ WKHLU UHVHUYRLU




7KHKLJK WHPSHUDWXUH UHVRXUFHV DUHQRW HTXDOO\ GLVWULEXWHG WKURXJKRXW WKHZRUOG DQG WKRVH DOUHDG\NQRZQ DUH
DOUHDG\H[SORLWHGZLWKDGLUHFWH[SDQVLRQLQDVWHDPWXUELQHRULQVLQJOHRUGXDOIODVKLQJSODQWV7KHIRFXVRIFXUUHQW
UHVHDUFK LQWHUHVW LV PRYLQJ WRZDUGV WKH PHGLXPORZ WHPSHUDWXUHV LQ WKH UDQJH RI & 2UJDQLF ELQDU\
JHRWKHUPDO V\VWHPV DUH XVXDOO\ XVHG IRU WKH H[SORLWDWLRQ RI WKHVH UHVRXUFHV$Q DFFXUDWH DQDO\VLV RI WKH VXEVRLO
FRQGLWLRQVLQWHUPVRIWHPSHUDWXUHJUDGLHQWDQGFRPSRVLWLRQLVQHHGHGLQRUGHUWRFKRRVHWKHDGHTXDWHRUJDQLFIOXLG
IRUHDFKSODQW>@>@






























H[DPLQHG WKH SHUIRUPDQFH RI D P ORQJ YHUWLFDO8WXEH E\ XWLOL]LQJ D 'PRGHOZLWK WKH VRIWZDUH )/8(17
=DQFKLQLHWDO>@H[DPLQHGWKHSHUIRUPDQFHRIPORQJFRD[LDOERUHKROHKHDWH[FKDQJHUE\PRGLI\LQJWKHYDOXHV
































































3.1. 1D model 
7KHH[FKDQJHUPRGHOZDVGHYHORSHGE\XVLQJ((6(QJLQHHULQJ(TXDWLRQ6ROYHU7RSHUIRUPWKHFDOFXODWLRQWKH
GRXEOHSLSHZDVGLYLGHGLQWRDILQLWHQXPEHURIVXESRUWLRQVZKHUHWKHDQDO\VLVZDVGHYHORSHGVXEVHTXHQWO\7KH







OUToutOUToutOUTOUTinOUTinOUT AwAw  ρρ =   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outinOUTinOUT QQhm +=Δ   
outINinIN Qhm =Δ   
ZKHUHQinDQGQoutDUHWKHKHDWH[FKDQJHGDQG
  inOUToutOUTOUTOUT TTcph −=Δ   
  outINinINININ TTcph −=Δ   


































7KH WHPSHUDWXUH RI WKH URFNV LV LPSRVHG VWHS E\ VWHS DORQJ WKH ZKROH KHDW H[FKDQJHU E\ FRQVLGHULQJ WKH '
D[LVLPPHWULF FDOFXODWLRQ $V IRU WKH WKHUPDO UHVLVWDQFHV RI WKH IOXLG WKH FRQYHFWLYH KHDW WUDQVIHU FRHIILFLHQW LV
FDOFXODWHGIURP1XVVHOWQXPEHUDVVKRZQLQ(T
hD
NuHTC λ∗=   


5H3U fNu =   
5H −=f   
ZKHUHȜLVWKHWKHUPDOFRQGXFWLYLW\RIWKHIOXLGSURYLGHGE\WKHLQWHUQDOVRIWZDUHOLEUDU\Nu LVHVWLPDWHGIURPWKH


































7KHDFFXUDF\RI WKHPRGHO LQFUHDVHVZLWK WKHQXPEHURI WKHFRQWUROYROXPHV6LQFH((6VKRZVD OLPLWRQ WKH
QXPEHURIWKHYDULDEOHVWREHSURFHVVHGLQWKLVVWXG\WKHGRXEOHSLSHZDVGLYLGHGLQFRQWUROYROXPHVHDFKRQH
FRUUHVSRQGLQJWRP
3.2. 2D axisymmetric model 
7KHKHDWH[FKDQJHWKURXJKWKHVXUURXQGLQJURFNZDVPRGHOHGZLWKD'D[LV\PPHWULFDSSURDFKE\XVLQJ)/8(17
DVFDOFXODWLRQFRGHZLWKD F\OLQGULFDO FRRUGLQDWH V\VWHP2QO\FRQGXFWLYHKHDW WUDQVIHUZDVDVVXPHG WKURXJK WKH


















FDOFXODWLRQWLPHZLWKRXWDQLPSURYLQJRI WKHDFFXUDF\7KHWLPHVWHSLQ WKHWUDQVLHQWVLPXODWLRQZDVWKRI WKH
ZKROHSHULRGRIWUDQVLHQWDQDO\VLV$VHQVLWLYLW\DQDO\VLVVKRZHGWKDWDQLQFUHDVHRIWKHQXPEHURIFDOFXODWLRQVWHSV
GLGQRWOHDGWRDQLQFUHDVHRIWKHDFFXUDF\
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$0$7/$%URXWLQHZDVGHYHORSHGWRFRXSOHWKHWZRPRGHOVDQGPDQDJHWKHSDVVDJHRIGDWDEHWZHHQWKHP$V
H[WHUQDOERXQGDU\FRQGLWLRQWKHORFDOWHPSHUDWXUHGLVWULEXWLRQZLWKWKHGHSWKZDVDSSOLHGWRWKHVXEVRLO$WWKHWRS














Qkt   
ZKHUHQn-1DQGQnDUHWKHKHDWH[FKDQJHDWWKHSUHYLRXVDQGWKHFXUUHQWDQDO\VLVUHVSHFWLYHO\DQGkLVDFRQVWDQW
7KHFRQVWDQWNZDVLQWURGXFHGWRDFFHOHUDWHWKHFDOFXODWLRQDQGWRUHGXFHWKHFRPSXWDWLRQDOWLPH7KHORZHULVLWV
YDOXH WKH JUHDWHU LV WKH FDOFXODWLRQ DFFXUDF\ DQG WKH FRPSXWDWLRQDO FRVWV&DOFXODWLRQV DIWHU  GD\ RI WKH V\VWHP
RSHUDWLRQZLWKGLIIHUHQWYDOXHVRIkZHUHFDUULHGRXW,Q)LJWKHGLIIHUHQFHVRIWKHKHDWH[FKDQJHGDQGWKHQXPEHU
RIDQDO\VHVIRUDFKLHYLQJWKLVLQVWDQWWLPHUHIHUHHGWRWKHYDOXHVFDOFXODWHGZLWKWKHORZHUYDOXHRINDQDO\]HGLQWKLV






7KHILUVWDQDO\VLVFDUULHGRXWZDVWKHHVWLPDWLRQRI WKHWKHUPRG\QDPLFSURSHUWLHVRI WKHIOXLGLQ WKHH[FKDQJHU
GXULQJWKHRSHUDWLRQ7KHUHVXOWVDUHSUHVHQWHGLQWHUPVRIIOXLGWHPSHUDWXUHDQGSUHVVXUHDORQJWKHSLSHDIWHU














7KHVRLO WHPSHUDWXUHFKDQJHVFRQWLQXDOO\GXULQJWKHWUDQVLHQW WLPHDVVKRZQLQ)LJ'XHWR WKHKHDW WUDQVIHU
EHWZHHQWKHVRLODQGWKHH[FKDQJHUWKHUDGLXVRILQIOXHQFHZKLFKLQGLFDWHVWKHUDGLXVZKHUHWKHWHPSHUDWXUHRIWKH
URFNV LV XQGLVWXUEHGJURZV ,QLWLDOO\ WKH LVRWKHUPVDUHSDUDOOHO WR WKH VXUIDFH DQGEHQGQHDU WKHKHDW H[FKDQJHU
$IWHUZDUGWKHUDGLXVRILQIOXHQFHLQFUHDVHVXQWLODQHTXLOLEULXPFRQGLWLRQZKHQWKHKHDWIORZDEVRUEHGE\WKHGRXEOH














































PRGHOLQJ WKH WXEH WKDW ZDV GLYLGHG LQ FRQWURO YROXPHV DQG VROYHG LWHUDWLYHO\ $ ' D[LV\PPHWULF PRGHO ZDV
GHYHORSHG WR PRGHO WKH FRQGXFWLYH KHDW WUDQVIHU WKURXJK WKH VXUURXQGLQJ URFNV DQG WKH VWUXFWXUDO FHPHQW 7KH
WUDQVLWRU\ZDVUHFRQVWUXFWHGE\VLPXODWLQJFRQVHFXWLYHWLPHVWHSVLQWKH'PRGHOZKHUHWKHERXQGDU\FRQGLWLRQV
UHVXOWLQJIURPWKH'PRGHOZHUHNHSWFRQVWDQW7KHGXUDWLRQRIWKHWLPHVWHSZDVLQFUHDVHGLQYHUVHO\WRWKHKHDW
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